© 2 0 1 8 I n d I a n J o u r n a l o f P a t h o l o g y a n d M I c r o b I o l o g y | P u b l I s h e d b y W o l t e r s K l u W e r -M e d K n o W ABSTRACT Background: As histopathological findings of parathyroid carcinoma are not certain, the diagnosis of tumors with degenerative changes may be difficult. In these cases, immunohistochemical markers are beneficial. We aimed to research the acceptability of calcium-sensing receptor (CaSR), Galactin-3, Cyclin D1, and Ki-67 as helpful markers in parathyroid tumors in cases which are difficult to diagnose. Materials and Methods: Those cases who had been diagnosed with atypical parathyroid adenoma and parathyroid carcinoma between 2010 and 2015 were reevaluated. İmmunohistochemical markers were applied to this cases. Results: About 21 cases were parathyroid adenoma, 14 were atypical adenoma, and 10 cases were parathyroid carcinoma. According to the immunohistochemical results, global loss of CaSR staining was seen in 50% (5/10) of the patients with carcinoma while there was no loss of staining in those with parathyroid adenoma (P = 0,001). Global loss of CaSR staining was found in only one out of 14 cases with atypical adenoma. The expression of Galactin-3 was found to be positive in 40% (4/10) of carcinoma cases, 71.4% (10/14) of those with atypical adenoma, and 14.3% (3/21) of those with adenoma (P = 0,002). Cyclin D1 expression was determined to be positive in 70% (7/10) of patients with carcinoma, 71.4% (10/14) of atypical adenoma cases, and 23.8% (5/21) of those with adenoma. The Ki-67 proliferation index was seen to be above 5% in 50% (5/10) of carcinoma cases and 35,7% (5/14) of those with atypical adenoma. Conclusion: In these studies, it has been emphasized that the global loss of CaSR staining was used as a negative marker in the diagnosis of carcinoma. In this study, we have also confirmed that the global loss of CaSR staining is a useful marker to determine potential increased malignancy.
INTRODUCTION
Parathyroid carcinomas are malignant tumors which are rarely observed and are extremely aggressive. They constitute <1% of primary hyperparathyroidism (HRPT) cases. [1] According to the World Health Organization (WHO), the histopathological criteria of parathyroid carcinoma are vascular invasion, perineural invasion, and capsular penetration with extension into the adjacent tissue and/or metastasis. In addition, according to the WHO, broad fibrous bundles with or without hemosiderin-laden macrophages, mitosis, neoplastic cell groups in the thick fibrous capsula, which are the other criteria of parathyroid carcinoma that do not contain capsular or vascular invasion, are all evaluated as atypical adenoma. [2, 3] These heterogeneous morphological configurations cause difficulties in the diagnosis. Different immunohistochemical markers have been used in these groups where the diagnosis is difficult. Most researchers have emphasized that multiple markers should be used rather than just one. [4] Calcium-sensing receptor (CaSR), which has recently increased in predictive and prognostic importance, does not only regulate the synthesis and secretion of the parathyroid hormone but also regulates the proliferation of parathyroid glands. [5] According to recent studies, a decrease in or loss of CaSR expression has been observed in several malignancies such as parathyroid, colorectal, and neuroblastoma. In fact, an increase in CaSR expression has been shown in prostate, testicular, ovarian, and breast carcinomas. It has been demonstrated that CaSR acted as a tumor suppressor gene in the first situation and as an oncogene in the second. In reality, these mechanisms have so far not been clearly defined. [6] Galactin-3, Cyclin D1, and Ki-67 are the other important markers. Galactin-3 is a multifunctional protein and contains several biological functions such as tumor cell adhesion, proliferation, differentiation, angiogenesis, cancer progression, and metastasis. [7] The overexpression of Galactin-3 has been correlated with thyroid and breast cancers. [8] [9] [10] K-67 is a proliferation marker which helps to differentiate between adenomas and carcinomas. When Ki-67 is above 5%, there is an increased risk of malignancy. [11, 12] Cyclin D1 which is one of the cell growth factors displays different expressions in adenomas and carcinomas. Studies have shown that there is heterogeneous staining with Cyclin D1 in benign and malignant parathyroid neoplasias. [13, 14] Cyclin D1 may signify overexpression in parathyroid carcinomas. [15] W e a i m e d t o d e t e r m i n e t h e s u p p o r t i n g r o l e s o f immunohistochemical markers such as CaSR, Cyclin D1, Galactin-3, and Ki-67 with any histopathological findings in the diagnosis of parathyroid carcinoma.
MATERIALS AND METHODS
Those cases who had been diagnosed with atypical parathyroid adenoma and parathyroid carcinoma between 2010 and 2015 were extracted from the authors' archives and reevaluated. The diagnosis of parathyroid carcinoma is suspected by intraoperative features of local invasion and confirmed by the WHO (2004) histopathological criteria for parathyroid carcinoma. A total of 22 cases diagnosed with adenoma were included in the study as the control group. Ki-67, Galactin-3, Cyclin D1, and CaSR antibodies were immunohistochemically performed on whole surface sections which were prepared from formalin-fixed-paraffin-embedded tissues that included 14 atypical adenoma, 10 carcinoma, and control cases.
Archival sections were deparaffinized in xylene and rehydrated in alcohol. Endogenous peroxidase was quenched with 3% hydrogen peroxide for 10 min. To unmask the antigen, heat-induced antigen retrieval was performed using 10 mm sodium citrate (pH 6) buffer microwaved for 10 min. Subsequently, antigen retrieval tissues were blocked in 3% bovine serum albumin-phosphate-buffered saline for 30 min. After blocking, the sections were incubated with antihuman CaSR monoclonal antibody (diluted 1:100, Abcam, clone 5C10, ab 19347), antihuman Galectin-3 (diluted 1:100, Novocastra, clone 9C4, NCL-GAL3), antihuman Cyclin D1 (diluted 1:100, Cell Marque, clone SP4) A, and with Ki-67 (diluted 1:100, Biocare, clone SP6). After washing, the slides were incubated with biotinylated secondary antibodies and streptavidin-horseradish peroxidase complex for 30 min each. Finally, staining was visualized using diaminobenzidine.
Normal parathyroid tissue was accepted as providing an internal positive control in CaSR staining. Strong complete membrane stainings that were seen in normal parathyroid tissue were accepted as positive. Samples scored as negative showed irregular and faint staining [ Figure 1b ]. Complete membrane staining of <10% was evaluated as global loss. [5] Galectin-3 cytoplasmic or membranous staining above 30% were accepted as positive [ Figure 2 ]. Cyclin D1 was scored as positive if specific nuclear staining above 5% was detected [ Figure 3 ].
Statistical analysis
Chi-square and Fisher's exact test analysis was undertaken using the SPSS software (version 16, IBM corp. USA) to determine any association between categorical variables.
RESULTS
There were 21 cases with parathyroid adenoma, 15 cases with atypical adenoma, and 9 cases with carcinoma. The mean length of follow-up of the 9 cases who were diagnosed with parathyroid carcinoma was 31 months. Relapse was seen during the follow-up in two cases who had previously been diagnosed with carcinoma. When these two cases were diagnosed 2 years later, hypercalcemia was confirmed, and bone metastases were observed in whole-body scintigraphy. The mean length of follow-up of the 15 cases who were diagnosed with atypical adenoma was 30 months. One case was reclassified as being carcinoma 2 years later because hypercalcemia was confirmed and cervical lymph node metastases were seen in whole-body scintigraphy. Thus, the number of carcinoma cases increased to 10. The mean age was 50.2 ± 12.6 years (min: 19, max: 80). No difference was found concerning the mean age between the carcinoma, adenoma, or atypical adenoma cases (P = 0, 5). Thirty-one (68.9%) of our cases were female. Gender distribution was no difference between cases with or without carcinoma (P = 0, 7). About 40% (4/10) of the carcinoma cases had vascular invasion, 70% (7/10) had capsular invasion, and 50% (5/10) had common invasion to the surrounding tissue. Nuclear atypia was found in 50% of carcinoma cases and fibrous septation was found in all carcinoma patients. Mitosis was found in 50% of carcinoma and 28,6% of atypical adenoma cases per 50 high power microscopic fields [ Table 1 ].
Global loss of staining of CaSR was seen in 5 (50%) carcinoma patients, but in only one case (3%) of the 35 with adenoma. This particular case, who demonstrated loss of staining, had atypical adenoma. Global loss of staining was not found in parathyroid adenoma cases which were not atypical [ Figure 1a ]. A significance concerning the global loss of staining of CaSR was found between those with adenoma, atypical adenoma, and carcinoma (P = 0,001) [ Tables 2 and 3 ].
The overexpression of Galactin-3 was found to be positive in 40% (4/10) of carcinoma cases, 71.4% (10/14) of atypical adenoma cases, and 14.3% (3/21) of those with adenoma. If carcinoma and atypical adenomas were evaluated together, then the rate (58.3%) was higher than among those with adenoma (14.3%) (P = 0,002) [ Tables 2 and 3 ].
Cyclin D1 was found to be positive in 70% (7/10) of carcinoma patients, 71.4% (10/14) of atypical adenoma cases, and 23.8% (5/21) of those with adenoma. If carcinoma and atypical adenomas were evaluated together then the rate (70.8%) was higher than among those with adenoma (23.8%) (P = 0,002) [ Tables 2 and 3] .
Vascular invasion was observed in 2 cases and peripheral tissue invasion was seen in one out of 3 cases with recurrence/metastasis.
Figure 2: The majority of cells showed a cytoplasmic or membranous staining for Galectin-3 in parathyroid carcinoma (×400 magnification)
In addition, global loss of CaSR and positive staining with Galactin-3 and Cyclin D1 were seen in both of these two cases who had vascular invasion. The Ki-67 proliferation index was seen to be above 5% in 50% (5/10) of carcinoma cases and 35,7% of atypical adenoma cases [ Figure 4a and b].
There was no difference between the carcinoma and adenoma cases concerning preoperative PTH levels. Preoperative calcium levels were found to be above 11.5 in 78% of carcinoma cases. During the clinical follow-up, postoperative calcium and PTH levels were seen to be normal.
The tumor size was found to be higher in carcinoma cases (median 3.25) than among those with adenoma and atypical adenoma (median 2.5) (P = 0,017).
DISCUSSION
In this study, we found that half of the carcinoma cases had global loss of CaSR staining. No global loss of staining was found in those with adenoma.
There are very few studies about CaSR in parathyroid carcinomas.
We have not previously seen any study that researches CaSR in atypical adenomas. When we compared atypical adenomas with other adenomas in our study, we found that global loss of CaSR was not seen in any adenoma case and was seen in only one case of atypical adenoma. When we compared atypical adenomas with carcinomas, global loss of CaSR was seen in 50% of carcinomas and 7% of atypical adenomas. These results showed that CaSR is an important biomarker to help differentiate carcinomas from adenomas (atypical or not) rather than differentiate adenomas from atypical adenomas. Haven et al. found global loss of CaSR in 9 out of 29 carcinoma cases and one out of 104 adenoma cases in their study with tissue microarray sections in parathyroid carcinoma and adenoma cases. [4] We also found loss of CaSR in only one adenoma case compatible with this study. Witteveen et al. found loss of CaSR in 7 out of 23 cases in their study with only parathyroid carcinoma case. [5] We found a higher loss of CaSR in carcinoma cases. We thought the reason for this was that we had researched whole surface sections.
Downregulation of CaSR was found to be correlated with poor prognosis in other tumors, especially colorectal and gastric tumors. CaSR overexpression was determined as being a poor prognostic marker in prostate, breast, renal, and lung carcinomas. [16] Downregulation of CaSR was found to be correlated with poor prognosis in parathyroid carcinoma. Witteveen et al. found both the 5-year disease-free survival and the 5-year overall survival were lower in patients with downregulation of CaSR expression compared with patients with normal CaSR expression (81 vs. 0% and 94 vs. 29%, respectively). [5] In this study, global loss was found in 2 out of 3 relapse cases.
Galactin-3 is important in the diagnosis of follicular thyroid malignancies and in tumor development. [7, 13] Recent studies have determined Galactin-3 overexpression in parathyroid carcinomas. [8, 13] Fernandez-Ranvier et al. have emphasized that the loss of parafibromin, retinoblastoma expression, and Galactin-3 overexpression could be used to differentiate parathyroid carcinomas from other parathyroid tumors in their study using multiple immune markers. [7] We observed Galactin-3 overexpression in both carcinomas and atypical adenomas.
Truran et al. and Cetani et al. have found heterogeneous staining with Cyclin D1 in both benign and malignant parathyroid neoplasia in their studies which included parafibromin and Cyclin D1. [13, 14] In fact, in our study, we found Cyclin D1 expression to be higher among atypical adenomas and carcinomas than in adenomas.
Ki 67 is usually lower in adenomas than in carcinomas. In fact, its diagnostic performance is limited. [17] If the Ki-67 index is above 5%, there is an increased risk of malignancy. [11] We found that half of the carcinoma cases had a Ki-67 proliferation index above 5%.
Parafibromin is one of the biomarkers that have been used in research as biomarkers of malignancy in parathyroid tumours. Parafibromin is the protein product of the HRPT2 gene, originally found to be mutated in the majority of sporadic parathyroid cancers. [13] Recent studies have emphasized that loss of parafibromin is an extremely sensitive biomarker for parathyroid tumors. The loss of parafibromin in parathyroid tumors was found to be 46% by Truran et al., 72% by Erovic et al. and 100% by Wittewen et al. [1, 5, 13] Our results show that immunohistochemical markers are beneficial to determine whether parathyroid tumors are benign or malignant. Cyclin D1, Ki-67 and Galactin-3 expression can be used as helper markers to differentiate adenomas from atypical adenomas and carcinomas. According to our study, global loss of CaSR staining was observed to be a strong marker when differentiating adenomas from carcinomas because it was not seen in adenomas.
CONCLUSION
Histopathology is the gold standard method for diagnosing parathyroid carcinomas. CaSR can be used in cases where there is doubt concerning malignancy as in fact clinically these do not contain parathyroid carcinoma criteria histopathologically or who have adenomas with atypical characteristics. If these cases have 
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